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What is V4L2 M2M ?

• A driver framework for memory to memory devices
• Memory to memory devices take data from memory do 

some processing and write out processed data back to 
memory

• Different from traditional V4L2 devices which are either
• Capture
• Output

• V4L2 M2M will have both output and capture
• V4L2 M2M supports multiple contexts which traditional V4L2 

devices do not (usually)
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Memory to Memory Device Logical View
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Typical V4L2 Application Workflow
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 V4L2 M2M Application Workflow
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M2M Job 
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V4L2 M2M Architecture
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● Individual contexts queue buffers on their 
output and capture VB2 queues

● From there it makes it to M2M per context 
ready queue when VB2 call driver’s 
queue_buffer callback

● Once required number of output and 
capture buffers are ready, move context to 
job queue

● The device_run callback of driver in 
invoked

● Device run pulls necessary number of 
buffers from output and capture ready 
queue for the current context

● Once device finishes processing the job, 
call vb2_buffer done to return buffer to 
application and m2m_job_finish to remove 
context from job queue.
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An Example M2M Scaler Device

• A virtual M2M scaler device
• Device is built using 

STB Image Resize Library
• Device is virtual and emulated using QEMU
• Using yocto and Linux kernel 5.15 we build a device 

driver for the virtual device
• Using libcamera C++ Library we also demonstrate a 

simple downscaling example

https://github.com/nothings/stb/blob/master/stb_image_resize.h
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M2M Scaler Device Datasheet
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Driver – Platform Driver
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Driver – probe 

● Use regmap to 
program device

● Allocate regfields to 
make programming 
easier

● Register threaded 
IRQ so we can return 
completed frame 
from IRQ itself
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Driver – probe 

● Register v4l2 
device

● Initialize 
m2m_ops

● Register video 
device

● Enable interrupts
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Driver – probe 

● Media controller is also supported
● Mostly for purposes media request API on output video 

node
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Driver – ops 

● m2m_media_ops: to 
support media request 
API

● m2m_ops: device_run 
callback actually runs 
the m2m job on the 
device

● m2m_scaler_fops: file 
operations to create 
and release context
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Driver – open 

● Create a 
context

● Pass queue_init 
callback

● Initialize driver 
context related 
data structure
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Driver – open 

● Driver context 
initialization 
involves setting up 
the default output 
and capture formats

● For this driver its 
fixed to 
V4L2_PIX_FMT_R
GB24
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Driver – release 

● Uninitialize and 
free up the 
context
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Driver – queue_init 
● Setup output and capture video 

node VB2 ops
● For this device only physically 

contiguous memories are 
supported, hence use 
vb2_dma_contig_memops 



#ossummit

Driver – queue_setup 

● This callback tells VB2 the actual number of planes and size of 
each plane
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Driver – buf_prepare 

● This callback is used to 
prepare the buffer before 
queuing it to its VB2 
queue

● In this call the plane 
payload size is set
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Driver – queue, start and stop streaming 

● Queue calls to 
v4l2_m2m_buf_queue

● Start streaming initialized 
sequence number

● Stop streaming drains 
the output and capture 
queues and returns the 
buffers as errors
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Driver – ioctl ops

● Only format ioctl are 
implemented

● Since both output and 
capture nodes support 
same format, common 
set of callbacks are used
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Driver – ioctl ops

● Ensure resolution limits are met
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Driver – device run

● Here is where the actual programming 
to the device occurs

● Once a job is given to the device, V4L2 
M2M framework will wait for the job to 
complete before calling the device_run 
again

● Source and destination buffers are kept 
on their respective queues

● device_run need  not be synchronous, 
which is typically the case

● Device starts the m2m processing and 
delivers an interrupt  after processing is 
done
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Driver – job complete

● Upon job completion, device will 
issue an interrupt

● In the ISR check to see if the m2m 
processioning job was successful

● Now remove the source and 
destination buffers from their m2m 
queues

● Return buffers back to their VB2 
queues

● Signal m2m framework about job 
completion
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Test Application

● Simple dowscaling test
● Input buffer is 640x480 

while output buffer is 
expected to be 320x240 
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Test Application

● create M2MScaler class that 
uses libcamera’s helper 
classes

● Use the device enumerator 
that uses media controller API 
to discover the device driver

● Take input and output buffer 
sizes as class argument (Size 
is a libcamera class that 
stores width and height)
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Test Application

● Find and open the video 
node (this will create an 
m2m context)

● Find the default output 
and capture format

● Update output and capture 
resolution (our driver only 
supports one format but 
different resolutions within)
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Test Application

● Install callbacks to handle output 
and capture buffers when they get 
returned from the driver

● Queue the output and capture 
buffers

● Memory map the buffers as well
● memcpy know buffer (640x480 

resolution) to mapped output 
buffers

● Stream on both output and 
capture video nodes 
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Test Application

● After stream on wait for 
required number off 
output and capture 
buffers to cycle through 
the driver

● Once 4 capture buffers 
cycled through the driver, 
stream off the output and 
capture nodes
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Test Application

● In the outputBufferComplete callback, simply return the buffer back to driver
● In the recieveCaptureBuffer callback, check to see if the returned buffer’s 

contents match with our expectation
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Test Application

● In the outputBufferComplete callback, simply return the buffer back to driver
● In the recieveCaptureBuffer callback, check to see if the returned buffer’s 

contents match with out expectation
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Build this system

git clone --recurse-submodules -j8 -b elc-2022 
https://github.com/karthikpoduval/yoe-distro.git yoe-m2m-elc-2022

cd yoe-m2m-elc-2022 

source qemuarm64-envsetup.sh

bitbake v4l2-m2m-example-image

runqemu nographic slirp

#inside QEMU

m2m-scaler-test
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References

● Kernel V4L2 Documentation - https://docs.kernel.org/driver-api/media/v4l2-videobuf2.html

● M2M  Scaler Datasheet - 
https://github.com/karthikpoduval/meta-v4l2-m2m-example/blob/elc-2022/m2m-scaler-datasheet.pdf

● M2M Scaler Driver - https://github.com/karthikpoduval/v4l2-m2m-scaler-driver/blob/elc-2022/v4l2-m2m-scaler.c

● M2M Scaler Test Application - 
https://github.com/karthikpoduval/meta-v4l2-m2m-example/blob/elc-2022/recipes-multimedia/m2m-scaler-test/src/m2m-example.cpp

● M2M Scaler Device (QEMU) - https://github.com/karthikpoduval/qemu/blob/elc-2022/hw/misc/m2m_scaler.c

https://docs.kernel.org/driver-api/media/v4l2-videobuf2.html
https://github.com/karthikpoduval/meta-v4l2-m2m-example/blob/elc-2022/m2m-scaler-datasheet.pdf
https://github.com/karthikpoduval/v4l2-m2m-scaler-driver/blob/elc-2022/v4l2-m2m-scaler.c
https://github.com/karthikpoduval/meta-v4l2-m2m-example/blob/elc-2022/recipes-multimedia/m2m-scaler-test/src/m2m-example.cpp
https://github.com/karthikpoduval/qemu/blob/elc-2022/hw/misc/m2m_scaler.c
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Questions ?

Questions ?
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